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Abstract. This trial aimed to study the separate effects of nano-fertilizers and sugar alcohols in 
mitigating salt-stress on eggplant (Solanum melongena L) crop. For this purpose, two different 
concentrations of lithovit®-guano25 (A1:0.5 g L-1 and A2:1 g L-1) and sorbitol (B1:5 g L-1 and 
B2:10 g L-1) were sprayed on eggplant irrigated by three NaCl solutions (EC1:1.5 dS m-1, 
EC2:3 dS m-1 and EC3 6 dS m-1). Control plants were salt-stressed without any product. Results 
revealed an inhibitory effect of increasing in salt-stress on vegetative traits (plant height, leaf 
number, weights of plant parts and root mass fraction), reproductive traits (fruit number, fruit 
weight, yield plant-1, fruit diameter) and photosynthetic pigments. Control plants at EC6 had the 
highest cell electrolyte leakage (51.26%). Plant height and fruit number were maximized by A1 
at all salinity levels. Additionally, A2 increased fruit weight by 89.98g, 85g and 92.3g compared 
to control respectively at 1.5, 3 and 6 dS m-1. Yield plant-1 increased by this treatment at all EC 
levels. At 3 and 6 dS m-1, A2-treated plants had the highest chlorophyll a (respectively 1.67 and 
1.4mg g-1 fresh weight), total chlorophyll (respectively 2.38 and 1.9mg g-1 fresh weight) and 
carotenoids (respectively 193 and 172µg g-1 fresh weight) contents. A2-treated plants had the 
lowest cell electrolyte leakage at 1.5 dS m-1 (14.27%), 3 dS m-1 (25.31%) and 6 dS m-1 (37.78%). 
Treating plants with B1 and B2 maximized respectively fruit diameter at 1.5 dS m -1 and water 
content in all plant parts at 3 dS m-1. Both products helped plants reducing the adverse effects 
caused by salinity. 
 




The degradation of soil due to salinization is a main constraint faced worldwide 
(Qadir et al., 2008). Salinity and drought are considered as major factors affecting crop 
productivity, undesirable in front of high food demand for growing human population 
(Arshadi et al., 2018; Martinez et al., 2018; Zargar et al., 2018). Based on the report of 
the United Nations’ Food and Agriculture Organization (FAO & ITPS, 2015), soil 
salinization expanding in an accelerated rate is causing food insecurity in many 
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countries. This abiotic stress inhibits crop growth by reducing water potential in roots 
and preventing water uptake, leading to physiological and nutritional disorders (Negrão 
et al., 2017). According to Pessarakli & Szabolcs, (2010) NaCl is the most dominant salt, 
adversely affecting morphology and physiology of cell and whole plant. Sodium cation 
accumulated under salt-stress prevent the accumulation of the remaining vital nutrient 
such as potassium, magnesium, iron etc, leading to a decrease in the ratio of K+ over Na+ 
(Keutgen & Pawelzik, 2009). This ratio is considered as an indicator of salt-tolerance 
(Munns & Tester, 2008). 
Eggplant (Solanum melongena L.) crop is one of the solanaceous crop affected by 
salinity. It is cultivated in tropical, subtropical and Mediterranean areas. This crop is 
classified as moderately sensitive to sensitive to salinity based on conflictin g Literature 
(Bresler et al., 1982; Maas, 1984). It ranked among the top most important vegetable 
crop in Asia in general and the Mediterranean in specific (Frary et al., 2007). Lebanon 
ranked number 34 in the year 2017 for the production of eggplant among all countries, 
producing approximately 43,606 tons (FAOSTAT, 2017). Salinity caused previously, 
reductions in yields, an inhibition in vegetative growth, and a decrease in germination 
rate and seedling dry weights of stressed eggplants (Heuer et al., 1986; Akinci et al., 
2004; Assaha et al., 2013). 
The use of nano-fertilizers on salt-stressed crop has proved to be highly efficient 
method. Many manufactories are nowadays producing nano-fertilizers with different 
forms and combinations of nutrients. Lithovit® products are among nano-particles based 
on limestone and supplemented with diverse compounds (amino25, guano25, urea50 etc) 
(Bilal, 2010). In agriculture, these products were previously used under non-stressed and 
stressed conditions; lithovit®-standard was applied previously on salt-stressed tomato 
crop (Sajyan et al., 2018, 2019a, 2019b). In such trials, lithovit®-standard improved salt-
stress of tomato due to, a better nutrient and water uptake, and a well-developed 
vegetative and reproductive growth. Lithovit-amino25 showed a stimulatory effect when 
sprayed on grapevines by improving quality and quantity of the targeted crop (Sassine 
et al.,2019). Moreover, the biological efficiency and production of Pleurotus ostreatus 
was also enhanced by the application of lithovit-urea on the substrate (Naim et al., 2020). 
Lithovit®-guano25 is another formulation of lithovit (28% CaO; 5% MgO; 4.5% SiO2; 
1.5% N; 0.6% P2O5; 0.6% K2O; 0.5% Fe). Based on the presence of carbonate, this nano-
fertilizer have the ability to increase atmospheric CO2 concentrations. Thus, improving 
photosynthesis activity and slowing respiration in plants. The composition of this 
product seems to be highly efficient under salt-stress especially due to its richness in 
vital elements such as N, P, K, Si, Ca, Mg and Fe. In previous works, these elements 
which were applied in different forms and combinations on stressed vegetables, 
improved growth and production of the targeted crops (El-Fouly et al., 2002; Tuna et al., 
2007; Tantawy et al., 2009; Siddiqui et al., 2014; Sadak et al., 2015). 
On the other hand, Sorbitol is an alditol found in higher plants. It has been 
considered a non-metabolite, because it is metabolically more inert character than other 
saccharides (Lambers et al., 1981). Biosynthesis of sorbitol is restricted mainly to source 
leaves whereas metabolic utilization is restricted to sink tissues. In all cases, sorbitol 
accumulation is considered as an adaptative response of plants to drought, salinity or 
chilling stress. Endogenous accumulation of many solutes and compounds as a result of 
abiotic-stress has been studied intensively as being among the natural mechanisms of 
stress-tolerance in plants (Munns & Tester, 2008). Previous studies pointed out the 
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exogenous application of these compounds such as melatonin and glycine-betaine on 
salt-stressed crops such as tomato or others (Sajyan et al., 2019c; Zhan et al., 2019). 
Accordingly, ameliorative effects following the application of these compounds were 
observed. Exogenous application of sorbitol was less tested on stressed or non-stressed 
vegetables. On maize, sorbitol induced accumulation in dry matter and inhibition in 
biochemical and photosynthetic traits (Jain et al., 2010). Under salt-stress, sorbitol 
promoted the tolerance of spinach crop by improving photosynthetic pigments, 
carbohydrates and proteins (Gul et al., 2017). Therefore, its exogenous application could 
be highly efficient as a method to counteract the adverse effects of salinity. 
Accordingly, the current study aimed to test the effect of separate foliar spraying 
of lithovit-guano25 and sorbitol in different concentrations on salt-stressed eggplant crop 
irrigated by different NaCl solutions. 
 
MATERIALS AND METHODS 
 
Plant growth, treatments and experimental design 
Seeds of eggplant (Var Black Knight) were sown in plastic trays in late April-2019 
in a greenhouse located at 33°52'24.9"N 35°31'44.0"E / Lebanon. Thirty days after sowing, 
uniform plants of 3–4 leaves were 
transplanted into pots of 40 cm in 
diameter. Pots were filled by a 
mixture prepared on volume basis of 
33% peat moss and 67% soil 
(Table 1). During the experiment, 
plants were kept under ambient light 
conditions, a day-night temperature 
of 20–25 ± 5 °C and a relative 
humidity of 60–70%. Based on 
substrate test, monopotassium 
phosphate (52% P2O5 and 34% 
K2O) and NPK (20% N, 20% P2O5 
and 20% K2O) were added with  
a rate of respectively 5 g plant-1  
and 3 g plant-1 at 5 days after 
transplantation (DAT). 
 
Table 1. Soil physico-chemical characteristics 




Texture (USDA Texture Triangle) Sandy Clay Loam 
pH (1:5 soil water suspension) 6.89 
Organic matter content (%) 5.09 
Total CaCO3 (%) 5.3 
ECe (dS m-1, soil paste extract) 0.264 
Organic N (%) 0.31 
Available P2O5 (ppm) 40.25 
Exchangeable K2O (ppm) 117.33 
Exchangeable CaO (ppm) 7,019.15 
Exchangeable MgO (ppm) 1,315.5 
Exchangeable Na (ppm) 28.53 
 
The experiment was arranged in a randomized completely design (CRD) based on 
NaCl irrigations considered as main factor and product-treatments as sub-factor. NaCl 
irrigations were divided on three levels of three concentrations namely 1.5 dS m-1, 
3 dS m-1 and 6 dS m-1, while product treatments were divided into two products namely 
lithovit-guano25 (A) and sorbitol (B) applied separately in two concentrations at 
eachNaCl solution. Product concentrations were as follows: A1:0.5 g L-1; A2: 1 g L-1, 
B1:5 g L-1 and B2: 10 g L-1. Control plants were salt-stressed eggplant crop irrigated by 
three NaCl solution with no product application. Spraying of different concentrations of 
both products was done four times during growth cycle starting at 15DAT with an 
interval of 2 weeks. Saline irrigation started at 21DAT with an interval of 2–3 days. 
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Vegetative and yielding traits 
During growth cycle of eggplant (100DAT), vegetative traits were measured: plant 
height and leaf number. At the end of growth cycle, plants were removed carefully from 
pots, washed and separated into roots, stems and leaves. Fresh weights (FW) of different 
plant parts were recorded. For the determination of dry weights (DW), parts were oven 
dried at 100 °C until a constant weight was obtained. Afterwards, water content (WC) 
and root mass fraction were calculated as follows: WC = FW-DW/FW, RMF = DW of 
roots/ DW of total plant parts. In addition, fruits number was counted in all treatments. 
After fruit harvesting, diameter and weight were measured using a sliding caliper and a 
digital balance. Yield per plant was calculated by multiplying fruit number at harvesting 
by average weight of individual fruits of each treatment. 
 
Cell electrolyte leakage 
Leaves were sampled at 70DAT for the determination of cell electrolyte leakage as 
described by Lutt et al. (1996). Fresh leaves were excised into discs of 1cm2 and water 
bathed at ambient temperature. After 24 hours, conductivity (EC1) of distilled water was 
measured. Afterwards, tubed were autoclaved at 120 °C for 20 min and conductivity 
(EC2) of the solution was measured again. Cell electrolyte leakage was calculated as 
follows: CEL = (EC1/EC2) ×100. 
 
Chlorophyll and carotenoids content 
Fresh leaves were sampled at 75DAT for the determination of leaf chlorophyll and 
carotenoid content. Photosynthetic pigments were determined by spectrophotometry as 
described and quantified by Arnon (1949) and expressed as mg g-1 FW of leaves. 
 
Statistical analysis 
Data was subjected to analysis of variance by using Statistical Package for Social 
Sciences (SPSS) software version 25® software. Means were compared by Duncan’s 
multiple range tests at p ≤ 0.05. All graphs and were performed on Microsoft Excel 
Software. The correlation between yield and some growth attributes was tested by 
regression analysis which was done on SPSS software. 
 
RESULTS AND DISCUSSION 
 
Vegetative and yielding traits 
Data of vegetative and reproductive growth (Table 2) showed that increasing in 
salt-stress caused reductions in plant height, leaf number, fruit number, yield plant-1 and 
fruit diameter. In fact, in non-treated plants, plant height, leaf number and fruit weight 
were reduced from 38.89 cm, 20.78 leaves and 25.02 g at 1.5 dS m-1 to reach a minimum 
of 24.44 cm, 5.44 leaves and 18 g respectively at 6 dS m-1. Plant height and fruit number 
were significantly enhanced the most by A1 at all salinity levels. The remaining 
indicators were also significantly improved under all EC levels by different products. In 
specific, spraying of A2 increased fruit weight by 89.98 g, 85 g and 92.3 g compared to 
control respectively at 1.5, 3 and 6 dS m-1. Accordingly, yield plant-1 was maximized by 
A2 spraying at all EC levels. Moreover, treating plant with B1 enhanced significantly 
fruit diameter with the best effect observed at 1.5 dS m-1 compared to the remaining 
treatments. When comparing between both products, it was observed that product A was 
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better mainly at higher EC levels compared to product B. Similarly, to previous 
indicators, salinity caused reductions in weights of plant parts (Table 3) peaking at 
6 dS m-1. Foliar spraying of various products with both concentrations enhanced 
significantly all indicators. Among all treatments, it was observed that foliar spraying of 
A2 at EC1.5, EC3 and EC6 dS m-1 maximized fresh weight of roots (respectively of 
8.97 g, 7.16 g and 4.83 g), stems (respectively 24.72 g, 18.72 g and 15.38 g) and leaves 
(respectively 29.95 g, 30.45 g and 23.12 g) compared to all the remaining treatments 
including control at all EC levels. Accordingly, dry weights of A2-treated plants were 
also the highest among all treatments. On the contrary, it was observed that the 
application of sorbitol improved water content in roots, stems and leaves better that 
lithovit-guano25 with the best effect observed following B2 application. 
 
Table 2. Effects of lithovit®-guano25 and sorbitol on vegetative and yielding traits of  
salt-stressed eggplant 
Treatments 






Fruit weight  
(g) 





EC1.5/Control 38.89cde 20.78bc 1.00e 25.02j 25.02i 2.00j 
EC1.5 / A1 46.78ab 25.56bc 6.00a 79.33e 476.00b 3.68hi 
EC1.5 / A2 44.56bc 26.89ab 6.00a 115.24c 691.44a 6.44b 
EC1.5 / B1 41.11bcd 27.44ab 3.00c 154.45a 463.35b 7.22a 
EC1.5 / B2 43.89bcd 34.67a 2.00d 149.03b 298.07cd 6.61b 
EC3 / Control 27.11f 11.33de 1.00e 20.00kl 20.00i 2.00j 
EC3 / A1 50.67a 25.56bc 4.00b 70.13f 280.52d 5.01d 
EC3 / A2 43.00bcd 26.89ab 3.00c 105.00d 315.00c 4.52ef 
EC3 / B1 41.11bcd 27.44ab 4.00b 64.15g 256.59e 4.46f 
EC3 / B2 37.22de 23.00bc 2.00d 79.25e 158.50f 5.21c 
EC6 / Control 24.44f 5.44e 1.00e 18.00l 18.00i 1.50k 
EC6 / A1 38.44cde 20.44bc 3.00c 23.47jk 70.40h 3.82gh 
EC6 / A2 38.00cde 17.44cd 2.00d 55.15h 110.30g 4.70e 
EC6 / B1 33.44e 11.67de 3.00c 20.06kl 60.17h 3.60i 
EC6 /B2 38.33cde 17.44cd 2.00d 32.19i 64.39h 3.92g 
A1 and A2 respectively 0.5 g L-1 and 1 g L-1 of lithovit®-guano25, B1 and B2 respectively 5 g L-1 and 
10 g L-1 of sorbitol. Means (n = 10) followed by different letter within each column are significantly 
different according to Duncan’s multiple range tests. 
 





















EC1.5/Control 5.2gh 3.9b 25.5j 16.6e 5.0b 69.7h 10.1j 4.7h 53.3k 
EC1.5 / A1 7.4b 3.8b 48.5c 20.0c 5.5a 72.5g 27.9b 7.9c 71.8ef 
EC1.5 / A2 9a 4.6a 49.2c 24.7a 5.4a 78.1c 30a 10a 66.8j 
EC1.5 / B1 6.1e 2.6f 57.3a 21.0b 5.4a 74.1f 25.9c 6.9e 73.2d 
EC1.5 / B2 6.6d 3.3d 50.6b 17.1e 2.9g 82.8a 20.3f 4.8h 76.6b 
EC3 / Control 3.0j 2.4g 20.0k 12.0h 3g 75.3e 10.3j 5.0gh 51.5l 
EC3 / A1 5.4gh 3.2de 40.7e 15.5f 3.8e 75.2e 19.5g 5.9f 70h 
EC3 / A2 7.2c 3.9b 45.9d 18.8d 4.7c 74.7ef 30.5a 8.8b 71.2fg 
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Table 3 (continued) 
EC3 / B1 5.6f 3.6c 36.6g 16.4e 4.4d 73.1g 25d 7.2d 70.8g 
EC3 / B2 5.0hi 2.6f 48.6c 14.4g 3.6f 75.3e 15.8i 4i 74.9c 
EC6 / Control 1.8l 1.5i 17.9l 9.2j 3.4f 63.1i 3.5k 2.4j 32.5m 
EC6 / A1 3.1j 1.9h 39.9e 13.7g 2.9g 79.1b 18.5h 5.2g 72.2e 
EC6 / A2 4.8i 3.1e 35.6h 15.4f 3.5f 77.3c 23.1e 7.3d 68.2i 
EC6 / B1 2.3k 1.5i 34.4i 14.0g 3.3f 76.3d 15.1i 4.2i 72.5de 
EC6 /B2 3.1j 1.9h 39.0f 11.1i 2.9g 74.1f 10.3j 2.1j 79.7a 
FWR: fresh weight of roots; DWR: dry weight of roots; WaR: water in roots; FWS: fresh weight of stems; 
DWS: dry weight of stems; WaS: water in stems; FWL: fresh weight of leaves; DWL: dry weight of leaves; 
WaL: water in leaves. A1 and A2 respectively 0.5 g L-1 and 1 g L-1 of lithovit®-guano25, B1 and B2 
respectively 5 g L-1 and 10 g L-1 of sorbitol. Means (n = 10) followed by different letter within each column 
are significantly different according to Duncan’s multiple range tests. 
 
Root mass fraction (Fig. 1) decreased by 0.08 g g-1 with increasing in salt-stress 
from 1.5 dS m-1 to 6 dS m-1 in non-treated plants. However, treated plants despite the 
product and concentration of application had lower root mass fraction as compared to 




Figure 1. Effects of lithovit®-guano25 and sorbitol on root mass fraction of salt-stressed 
eggplant. A1 and A2 respectively 0.5 g L-1 and 1 g L-1 of lithovit®-guano25, B1 and B2 
respectively 5 g L-1 and 10 g L-1 of sorbitol. Means (n = 10) followed by different letter are 
significantly different according to Duncan’s multiple range tests. 
 
Cell electrolyte leakage 
Cell electrolyte leakage (Fig. 2) was increased drastically with increasing in salt-
stress from 1.5 dS m-1 (21.18%) to 6 dS m-1 (51.26%) reflecting a low membrane 
stability in stressed plants. All treatments reduced significantly cell electrolyte leakage 
from leaves. A2-treated plants had the lowest cell electrolyte leakage at 1.5 dS m-1, 
3 dS m-1 and 6 dS m-1 with respectively 14.27%, 25.31% and 37.78%. When comparing 
between both products, it was observed that spraying of lithovit-guano25 reduced cell 
electrolyte leakage more than sorbitol. Depending on the concentration, the application 
of the former reduced this indicator by a range of 3 to 10% compared to the application 
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Figure 2. Effects of lithovit®-guano25 and sorbitol on cell electrolyte leakage of salt-stressed 
eggplant. A1 and A2 respectively 0.5 g L-1 and 1 g L-1 of lithovit®-guano25, B1 and B2 
respectively 5 g L-1 and 10 g L-1 of sorbitol. Means (n=10) followed by different letter are 
significantly different according to Duncan’s multiple range tests. 
 
Chlorophyll and carotenoids content 
Photosynthetic pigments including chlorophyll a, b and carotenoids were reduced 
with increasing in salt-stress with the lowest values obtained at non-treated plants at 
6 dS m-1. Chlorophyll a (Fig. 3) was enhanced by all treatments at EC1.5, EC3 and EC6 
except B2 treatments. It was maximized by treatments includin g Lithovit-guano25  
especially in high concentration (A2: 
1 g L-1). A2-treated plants had 
significantly the highest chlorophyll a 
content at EC3 and EC6 with 
respectively 1.67 and 1.4 mg g-1 fresh 
weight. Chlorophyll b and 
consequently total chlorophyll content 
were similarly affected by salinity and 
various treatments. In fact, A1-treated 
plants caused maximization of 
chlorophyll contents only at EC1.5. 
Consequently, the application of 
lithovit-guano25 seemed to be 
positively affected by increasing in the 
applied concentration. On the contrary, 
the application of sorbitol in lower 
concentration seemed to be better in 
enhancing chlorophyll contents more 
than its application in high 
concentrations. Carotenoids content 
(Fig. 4) was also improved the most by 
lithovit-guano25-treated plants and 
optimized by A2 application. This 
latter treatment improved carotenoids  
 
Table 4. Effects of lithovit®-guano25 and 
sorbitol on the ratio of chlorophyll a over b and 






EC1.5/Control 2.57de 11.52b 
EC1.5 / A1 2.33e 12.45a 
EC1.5 / A2 2.41efg 11.37b 
EC1.5 / B1 2.75bc 11.46b 
EC1.5 / B2 2.60cd 11.26bc 
EC3 / Control 2.55de 9.94d 
EC3 / A1 3.09a 10.99bc 
EC3 / A2 2.35de 12.33a 
EC3 / B1 2.52def 10.64c 
EC3 / B2 2.77bc 11.28bc 
EC6 / Control 2.15f 8.71e 
EC6 / A1 2.58de 11.42b 
EC6 / A2 2.80b 11.05bc 
EC6 / B1 2.52def 9.68d 
EC6 /B2 2.76bc 8.16e 
A1 and A2 respectively 0.5 g L-1 and 1 g L-1 of 
lithovit®-guano25, B1 and B2 respectively 5 g L-1 
and 10 g L-1 of sorbitol. Means (n = 3) followed by 
different letter within each column are significantly 
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at EC1.5, EC3 and EC6, by respectively 72, 22 and 20 mg g-1 fresh weight compared to 
control. Again, sorbitol spraying with high concentration (B2) did not improve this 
pigment as compared to control at E3 and EC6. On the contrary, B1-treated plants 





Figure 3. Effects of lithovit®-guano25 and sorbitol on chlorophyll content of salt-stressed 
eggplant. A1 and A2 respectively 0.5 g L-1 and 1 g L-1 of lithovit®-guano25, B1 and B2 
respectively 5 g L-1 and 10 g L-1 of sorbitol. Means (n = 3) followed by different letter for each 




Figure 4. Effects of lithovit®-guano25 and sorbitol on carotenoids content of salt-stressed eggplant. 
A1 and A2 respectively 0.5 g L-1 and 1 g L-1 of lithovit®-guano25, B1 and B2 respectively 5 g L-1 
and 10 g L-1 of sorbitol. Means (n = 3) followed by different letter are significantly different 
according to Duncan’s multiple range tests. 
 
The ratio of chlorophyll a over chlorophyll b (Table 4) was also reduced by salinity 
in control plants. However, plants treated with B1 (2.75), A1 (3.09) and A2 (2.8) had 
respectively the highest ratio respectively at EC1.5, EC3 and EC6 dS m-1. Finally, the 
ratio of total chlorophyll over carotenoids, which was also lowered in control plants with 
increasing in salinity stress from 1.5 to 6 dS m-1, was maximized in plants treated 
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Regression analysis 
Results of regression analysis showed that yield plant-1 was significantly correlated 
the most with some traits (Fig. 5) and less with others. However, a linear relationship 
was observed between yield plant-1 and respectively fruit number (R2 = 0.673; 
Y = 1.04E2x-77.05) and fruit weight (R2 = 0.632; Y = 3.43x-12.49). Moreover, a 
quadratic relationship was found between yield plant-1 and respectively fresh weight of 
roots (R2 = 0.847; Y = 12.05x2-36.93x+52.42), fresh weight of stems (R2 = 0.858; 
Y = 2.09x2-24.79x+52), fresh weight of leaves (R2 = 0.722; Y = 0.72x2-5.66x+22.53) 
and total chlorophyll content (R2 = 0.768; Y = 1.17E2x2-1.59E2x+35.49). The positive 
significant, regression coefficients of such independent variables indicate that increasing 
in their amount will promotes yield plant-1. In other terms, the application of various 
treatments in the current study under different salinity level enhanced yielding capacity 
of stressed eggplant due to an improve in, fruit number and weight, fresh weights of 




Figure 5. Relationship between yield plant-1 and plant traits.  
 
In the current experiment, increasing in salt-stress from 1.5 dS m-1 to 6 dS m-1 
caused severe reductions in the majority of the measured traits mainly yielding capacity, 
photosynthetic pigments and vegetative growth. Previously, several authors reported the 
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inhibitory effects of salinity on vegetables including eggplants, eggplant, tomato etc. 
(Cabãnero et al., 2014; Machado & Serralheiro, 2017; Sajyan et al., 2019d). Based on 
such findings, the accumulation of sodium in the roots zone causes an osmotic stress, 
preventing the accumulation of important nutrients (K+, Ca2+, and NO3
-) 
(Paranychianakis & Chartzoulakis, 2005). Reductions in yielding capacity of eggplant 
was previously reported by Gül & Sevgican (1992) due to inhibition in water flow 
towards fruits, leading to reductions in fruit weight and number. Taiz & Zeiger (2002) 
stated that the accumulation of detrimental ions leads to, a damage in chloroplast 
membrane and an inhibition in protein synthesis. Similar findings were observed in the 
current study were salinity increased cell electrolyte leakage and reduced photosynthetic 
pigments in stressed non-treated plants. 
The application of lithovit®-guano25 and sorbitol showed ameliorative effects on 
stressed eggplant. lithovit®-guano25 applied in high concentration (A2: 1 g L-1) 
maximized yielding capacity and traits of eggplant more than sorbitol. The former 
product was not previously tested on vegetables under salt-stress. In fact, lithovit is 
available in many formulations (such as urea 50%; boron; guano 25%; amino acids 25%, 
etc.). The mutual point among all formulations is the presence of carbonate coupled with 
calcium and magnesium. Such products have the ability to slow down respiration and 
promotes photosynthesis process though increase in atmospheric CO2 (Bilal, 2010). This 
promoting effect was observed following the application of lithovit®-guano25 through 
an increase in photosynthetic pigments (chlorophyll a, chlorophyll b, total chlorophyll 
and carotenoids). This product also improved weights and water content of plant parts 
reflecting a better water movement and potential in stressed plants compared to control. 
In previous study, the application of lithovit product on salt-stressed tomato did not 
improved fresh weight of plant parts (Sajyan et al., 2019a). Contradictory findings were 
reported on such effects. However, one of the important factors of lithovit®-guano25 
product is its richness in nutrients in nanoscale (nitrogen, potassium, phosphorus, 
calcium, iron, silicon, magnesium). Its nano-particle size makes easier the contact with 
pores of leaves and faster its translocation in plant vessels (xylem and phloem) (Rico et 
al., 2011). According to Taiz & Zeiger (2002), foliar spraying of a nano-fertilizer is 
highly efficient for cations (mainly iron, calcium and magnesium and manganese), it 
increases the availability of nutrient. As mentioned previously, foliar spraying of 
lithovit-guano was not tested previously on stressed and non-stressed vegetables. 
However, compounds that are found in lithovit-guano were separately applied and 
promoted stimulatory effects. For instance, foliar spraying of Ca improved fruit number, 
decreased Na and increased Ca and K contents of salt-stressed tomato crop (Tuna et al., 
2007; Nizam et al., 2019). In addition, the separate application of magnesium also 
maximized plant growth and production of tomato and strawberry under salt-stress 
(Carvajal et al., 1999; Yildirim et al., 2009). The application of iron nanoparticles 
improved yielding components of drought-stressed safflower and salt-stressed sunflower 
by promoting photosynthesis activity and reducing Na accumulation (Davar et al., 2014; 
Torabian et al., 2017). In fact, iron play a role in chlorophyll synthesis where it enters in 
many mechanisms related to photosynthesis and respiration such as oxido-redox 
reactions (Curie & Briat, 2003). In addition, the presence of Si in oxide form seemed to 
activate the defense mechanism facing salt-stress. similarly, Siddiqui et al. (2014) stated 
the effect of silicon oxide on squash plants under salt-stress. Si application also improved 
water use efficiency and photosynthesis of salt-stressed tomato (Romero-Aranda et al., 
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2006). Basically, similar results were observed in the current study where it seemed that 
the amelioration in photosynthetic pigments (Chlorophyll and carotenoids) was due to a 
sufficient supply by Mg, Ca, Fe and Si. 
On the other hand, sorbitol product which showed significant effects when applied 
in low concentrations, had adverse effects when applied in high concentrations. Sorbitol 
accumulation is considered as an adaptative response of plants to drought, salinity or 
chilling stress. Biosynthesis of sorbitol is restricted mainly to source leaves whereas 
metabolic utilization is restricted to sink tissues (Escobar Gutiérrez & Gaudillère, 1996). 
The restricted positive effect of sorbitol is due to a protecting role played on cytoplasmic 
proteins and cell membranes from desiccation. Such effects are equally observed by 
sugar alcohols (sorbitol and mannitol) and osmoregulators (proline, betaines etc.) (Balal 
et al., 2012). As a result, low concentration of sorbitol enhanced cell membrane stability 
and improved yielding capacity of stressed eggplant rather than high concentrations. 
Sorbitol treatment was less efficient compared to lithovit-guano. However, compared to 
control, its application caused stimulatory effects (mainly with low concentrations) on 
photosynthetic pigments, yielding traits and vegetative attributes. Similar findings were 
reported by Gul et al. (2017) on stressed spinash. On maize, sorbitol induced 
accumulation in dry matter and inhibition in biochemical and photosynthetic traits (Jain 
et al., 2010). Additionally, on salt-stressed rice seedlings, sorbitol application improved 
more or less tolerance of the crop by reducin g Lipid peroxidation (malondialdehyde) 
and H2O2 (Theerakulpisut & Gunnula, 2012). Noteworthy, sugar alcohols including 
sorbitol, mannitol are endogenously accumulated in stressed plants and confer tolerance 
to abiotic stress (Williamson et al., 2002). This ability is due to the effect of polyols on 
osmotic balance, water movement in the apoplast and sodium sequestration to the 
vacuole (Kanayama et al., 2006). This ability protects provide protection to cell 
membrane. This was reflected in the current study by a reduction in cell electrolyte 
leakage following sorbitol spraying. Conclusively, both products had different 




From the current study, it could be concluded that lithovit®-guano25 was more 
beneficial on such stress more than sorbitol. The rate of application was a limiting factor 
for sorbitol where increasing in its application rate caused adverse effects. For lithovit®-
guano25, the opposite was observed; its application in higher rates was the most efficient 
treatment and helped in mitigating the negative effects of salinity on eggplant. 
 
ACKNOWLEDGEMENTS. Authors deeply thank the TRIBOdyn AG Company for 




Akinci, I., Akinci, S., Yilmaz, K. & Dikici, H. 2004. Response of eggplant varieties (Solanum 
melonena) to salinity in germination and seedling stages. New Zeal J Crop Hort. 32, 193–200. 
Arnon, D.I. 1949. Copper enzymes in isolated chloroplasts. Polyphenoloxidase in Beta 
vulgaris. Plant Physiology 4, 1–15. 
124 
Arshadi, A., Karami, E., Sartip, A., Zare, M. & Rezabaksh, P. 2018. Genotypes performance in 
relation to drought tolerance in barley using multi-environment trials. Agronomy research 
16(1), 5–21 
Assaha, D., Ueda, A. & Saneoka, H. 2013. Comparison of growth and mineral accumulation of 
two solanaceous species, Solanuum scabrum Mill. (huckleberry) and S. melongena L. 
(eggplant) under salinity stress. Soil Sci Plant Nutr. 59, 912–920. 
Balal, R.M., Khan, M.M., Shahid, M.A., Mattson, N.S., Abbas, T., Ashfaq, M., Garcia-
Sanchez, F., Ghazanfer, U., Gimeno, V. & Iqbal, Z. 2012. Comparative studies on the 
physiobiochemical, enzymatic, and ionic modifications in salt tolerant and salt sensitive 
Citrus rootstocks under NaCl stress. J Am Soc Hor Sci. 137, 1–10. 
Bilal, B.A. 2010. Lithovit®: an innovative fertilizer. Paper presented at: 3rd e-Conference on 
Agricultural Biosciences (IeCAB 2010)  
Bresler, E, B.L., McNeal, D.L. & Carter, D.L. 1982. Saline and sodic soils. Springer Verlag, 
Berlin, Germany, 236 pp. 
Cabãnero, F.J., Martínez, V. & Carvaja, M. 2004. Does calcium determine water uptake under 
saline conditions in eggplant plants, or is it water flux which determines calcium uptake?. 
Plant Sci 166, 443–450. 
Carvajal, M., Martineze, V. & Cerda, A. 1999. Influence of magnesium and salinity on tomato 
plants growing hydroponics culture. J. Plant Nutr. 22, 177–190. 
Curie, C. & Briat, J.F. 2003. Iron transport and signalling in plants. Annu Rev Plant Biol. 54,  
183–206. 
Davar, F., Zareii, Arash, R. & Amir, H. 2014. Evaluation the effect of water stress and foliar 
application of Fe nanoparticles on yield, yield components and oil percentage of safflower 
(Carthamus tinctorious L.). In.t. J Adv. Biol. Biom. Res. 2(4), 1150–1159. 
El-Fouly, M.M., Moubarak, Z.M. &Salama, Z.A. 2002. Micronutrient Foliar Application 
Increases Salt Tolerance of Tomato Seedlings. Acta Hort. ISHS, 573. 
Escobar Gutiérrez, A.J. & Gaudillère, J.P. 1996. Distribution, metabolism and role of sorbitol in 
higher plants. A review. Agronomie 16(5), 281–298. 
FAO & ITPS .2015. Status of the World’s Soil Resources (SWSR) – Main Report. Rome: Food 
and Agriculture Organization of the United Nations and Intergovernmental Technical Panel  
FAOSTAT. 2017. Retrieved 10 March 2019 
Frary, A., Doganlar, S. & Daunay, M.C. 2007. Eggplant, In: Kole C. (eds) Vegetables. Genome 
Mapping and Molecular Breeding in Plants, (vol 5). Springer, Berlin, Heidelberg, 
pp. 287–313. 
Gül, A. & Sevgican, A. 1992. Effect of growing media on glasshouse tomato yield and quality. 
Acta Horti. 303, pp.145–150. 
Gul, H., Farman, M., Hussain, A., Irshad, L.M & Azeem, M. 2017. Exogenously applied sorbitol 
alleviates the salt stress by improving some biochemical parameters in Spinach (Spinacia 
oleracea l.). Int. J. Biol. Biotech. 14(4), 677–686. 
Heuer, B., Meiri, A. & Shalhevet, J. 1986. Salt tolerance of eggplant. Plant Soil. 95, 9–13. 
Keutgen, A.J. & Pawelzik, E. 2009. Impacts of NaCl stress on plant growth and mineral nutrient 
assimilation in two cultivars of strawberry. Environ. Exp. Bot. 65, 170–176. 
Jain, M., Tiwary, S. & Gadre, R. 2010. Sorbitol-induced changes in various growth and 
biochemical parameters in maize. Plant Soil Environ. 6:263–267. 
Kanayama, Y., Watanabe, M., Moriguchi, R., Deguchi, M., Kanahama, K. & Yamaki, S. 2006. 
Effects of low temperature and abscisic acid on the expression of the sorbitol-6-phosphate 
dehydrogenase gene in apple leaves. J Jpn Soc Hortic Sci. 75, 20–25. 
Lambers, H., Blacquiere, T. & Stuiver, B. 1981. Interactions between osmoregulation and the 
alternative respiratory pathway in Plantago coronopus as affected by salinity. Physiologia 
Plantarum. 51(1), 63–68. 
125 
Lutts, S., Kinet, J.M. & Bouharmont, J. 1996. NaCl-induced senescence in leaves of rice (Oryza 
sativa L.) cultivars differing in salinity resistance. Ann. Bot. 78, 389–398. 
Machado, R.M. & Serralheiro, R.P. 2017. Soil salinity: Effect on vegetable crop growth. 
Management practices to prevent and mitigate soil salinization. Horticulturae 3, 30–42. 
Martinez, V., Nieves-Cordones, M., Lopez-Delacalle, M., Rodenas, R., Mestre, T.C., Garcia-
Sanchez, F., Rubio, F., Notes, P.A., Mittler, R. & Rivero, R.M. 2018. Tolerance to stress 
combination in tomato plants: New insights in the protective role of melatonin. Molecules. 
23, 535. 
Maas, E.V. 1984. Salt tolerance of plants. In: B.R. Christie (Ed.), The handbook of plant science 
in agriculture, CRC Press, Boca Raton, FL, pp. 57–75. 
Munns, R. &Tester, M. 2008. Mechanisms of salinity tolerance. Annual Review of Plant Biology. 
59, 651–681. 
Negrão, S., Schmöckel, S.M. & Tester, M. 2017. Evaluating physiological responses of plants to 
salinity stress. Annals of Botany. 119, 1–11. 
Naim, L., Alsanad, M.A., El Sebaaly, Z, Shaban, N, Abou Fayssal, S & Sassine, Y.N., 2020. 
Variation of Pleurotus ostreatus (Jacq. Ex Fr.) P. Kumm. (1871) performance subjected to 
different doses and timings of nano-urea. Saudi Journal of Biological Sciences (2020). 
Nizam, R., Hosain, M.T., Hossain, M.E., Islam, M.M. & Haque, M.A. 2019. Salt stress 
mitigation by calcium nitrate in tomato plant. Asian J. Med. Biol. Res. 5(1), 87–93. 
Paranychianakis, N.V. & Chartzoulakis, K.S. 2005. Irrigation of Mediterranean crops with saline 
water: From physiology to management practices. Agric. Ecosyst. Environ. 106, 171–187. 
Pessarakli, M. & Szabolcs, I. 2010. Soil salinity and sodicity as particular plant/crop stress 
factors. In Pessarakli, M. (Ed.), Handbook of Plant and Crop Stress, CRC Press, Boca 
Raton, Florida, pp. 3–21. 
Qadir, M., Tubeileh, A., Akhtar, J., Larbi, A., Minhas, P.S. & Khan, M.A. 2008. Productivity 
enhancement of salt-affected environments through crop diversification. Land Degrad. 
Dev. 19, 429–453. 
Rico, C.M., Majumdar, S., Duarte-Gardea, M., Perlata-Videa, J.R. & Gardea-Torresdey, J.L. 
2011. Interaction of nanoparticles with edible plants and their possible implications in the 
food chain. J. Agric. Food Chem. 59, 3485–3498. 
Romero-Aranda, M.R., Jurado, O. & Cuartero, J. 2006. Silicon alleviates the deleterious salt 
effect on tomato plant growth by improving plant water status. J. Plant Physiol. 163,  
847–855. 
Sadak, M., Abdelhamid, M.T. &Schmidhalter, U. 2015. Effect of foliar application of 
aminoacids on plant yield and some physiological parameters in bean plants irrigated with 
seawater. Acta Biol. Colomb. 20, 141–152. 
Sajyan, T.K., Shaban, N., Rizakallah, J. & Sassine, Y.N. 2018. Effects of monopotassium-
phosphate, nano-calcium fertilizer, acetyl salicylic acid and glycinebetaine application on 
growth and production of tomato (Solanum lycopersicum) crop under salt-stress. Agronomy 
research 16(3), 872–883. 
Sajyan, T.K., Shaban, N., Rizakallah, J. & Sassine, Y.N. 2019a. Performance of salt-stressed 
tomato crop as affected by nano-CaCO3, glycine betaine, MKP fertilizer and aspirin 
application. Agriculture and Forestry 65(1), 19–27. 
Sajyan, T.K., Naim, L., Sebaaly, Z., Rizkallah, J., Shaban, N. & Sassine, Y.N. 2019b. Alleviating 
the adverse effects of salinity stress on tomato crop (Solanum lycopersicum) using nano-
fertilizer as foliar application. Acta Hortic. 1253, 33–40. 
Sajyan, T.K., Allaw, W., Shaban, N. & Sassine, Y.N. 2019c. Effect of exogenous application of 
glycine betaine on tomato plants subjected to salt stress. Acta Hortic. 1253, 41–48. 
Sajyan, T.K., Rizkallah, J., Sebaaly, Z., Shaban, N. & Sassine, Y.N. 2019d. Investigating the 
potential use of mono-potassium phosphate (MKP: 0-52-34) applied through fertigation as 
a method to improve salinity tolerance of tomato plants. Acta Hortic. 1253, 1–8. 
126 
Sassine, Y.N., Al Turki, S.M., El Sebaaly, Z., Bachour, L. & El Masri, I.Y. 2019. Finding 
alternatives for dormex (hydrogen cyanamid) as dormancy breaking agent. Fresenius 
Environmental Bulletin. 28, 10214–10224. 
Siddiqui, M.H., Al-Whaibi, M.H., Faisal, M. & Al Sahli, A.A. 2014. Nano-silicon dioxide 
mitigates the adverse effects of salt stress on Cucurbita pepo L. Env. Toxicol. Chem. 33, 
2429–2437. 
Taiz, L. & Zeiger, E. 2002. Plant Physiology. 3rd ed. Sinauer, Sunderland, United Kingdom, 
690 pp. 
Tantawy, A.S., Abdel-Mawgoud, A.M.R., El-Nemr, M.A. & Chamoun, Y.G. 2009. Alleviation 
of salinity effects on tomato plants by application of amino acids and growth regulators. 
Eur. J. Sci. Res. 30, 484–494. 
Theerakulpisut, P. & Gunnula, W. 2012. Exogenous sorbitol and trehalose mitigated salt stress 
damage in salt-sensitive but not salt tolerance rice seedlings. Asian J Crop Sci. 4, 165– 170. 
Torabian, S., Zahedi, M. & Khoshgoftar, A.H. 2017. Effects of foliar spray of nano-particles of 
FeSO4 on the growth and ion content of sunflower under saline condition. J Plant Nutr. 
40(5), 615–623. 
Tuna, A.L., Kaya, C., Ashraf, M., Altunlu, H., Yokas, I. & Yagmur, B. 2007. The effects of 
calcium sulphate on growth, membrane stability and nutrient uptake of tomato plants grown 
under salt stress. Environmental and Experimental Botany. 59, 173–178. 
Williamson, J.D., Jennings, D.B., Guo, W.W., Pharr, D.M. & Ehrenshaft, M. 2002. Sugar 
alcohols, salt stress and fungal resistance: polyols: multifunctional plant protection? J Am 
Soc Hortic Sci. 127, 467–473. 
Yildirim, E., Karlidag, H. & Turan, M. 2009. Mitigation of salt stress in strawberry by foliar K, 
Ca and Mg nutrient supply. Plant Soil Environ. 55, 213–221. 
Zargar, M., Bodner, G., Tumanyan, A., Tyutyuma, N., Plushikov, V., Pakina, E., 
Shcherbakova, N & Bayat, M. 2018. Productivity of various barley (Hordeum vulgare L.) 
cultivars under semi-arid conditions in southern Russia. Agronomy Research 16(5),  
2242–2253. 
Zhan, H., Nie, X., Zhang, T., Li, S., Wang, X., Du, X., Tong, W. & Song, W. 2019. Melatonin: 
A small molecule but important for salt stress tolerance in plants. Int. J. Mol. Sci. 20(3), 
709–726. 
 
 
